Objectives: The objective of this study was to describe demographic and clinical characteristics including features that were consistent with subarachnoid hemorrhage (SAH), use of diagnostic tests, emergency department (ED) discharge diagnoses, and disposition of adult patients presenting with an acute headache to EDs statewide across Queensland, Australia. In addition, potential variations in the presentation and diagnostic workup between principal-referral and city-regional hospitals were examined.
hospitals (33%). The headache in patients presenting to the latter was less likely to be instantly peaking or associated with activity, but was no less severe in intensity and was more frequently accompanied by nausea and vomiting. Their diagnosis was more likely to be a benign primary headache. Variations in CT scanning could thus be due to differences in the case mix. The median (interquartile range) ED length of stay was 3.1 (2.2 to 4.5) hours. Patients was discharged from the ED or admitted to the ED short-stay unit prior to discharge in 57 and 23% of cases, respectively.
Conclusions:
The majority of patients had a benign diagnosis, with intracranial hemorrhage and bacterial meningitis accounting for only 3% of the diagnoses. There are variations in the proportion of patients receiving CT head scans between city-regional and principal-referral hospitals. As 38% of headache presentations overall underwent CT scanning, there is scope to rationalize diagnostic testing to rule out life-threatening conditions.
A cute headache as a presenting complaint is frequently encountered by emergency physicians. 1 Emergency departments (EDs) backed up by imaging and laboratory resources are well suited to perform the diagnostic workup of worrisome headaches, 2 but diagnostic protocols and practice vary, and little is known about which tests are done, or when. Hemorrhage, infection, and tumor are the most important serious differential diagnoses that need to be considered and potentially ruled out. This exclusion of life-threatening causes is complicated by the knowledge that the majority of headaches are benign and do not require investigations. Clinical decisions rules such as the Ottawa subarachnoid hemorrhage (SAH) rule can assist in discriminating between these conditions and guide the need for investigations. 3 Despite published rules and guidelines, 4, 5 there are variations in the perceived need for specific investigations between individual emergency physicians and between departments. 6, 7 Differences in practice could be partially explained by the variety of different diagnostic approaches in the literature especially for suspected SAH. 8, 9 Additionally, the benign nature of the vast majority of headaches limits rigorous comparisons of alternative diagnostic workups for infrequent lifethreatening causes due to the large sample sizes required.
Perceptions about diagnostic approaches reported in surveys may differ from actual practice. A snapshot or cross-sectional study can provide evidence for actual practice, give point prevalence estimations, and reveal variations in practice. Knowledge of current practices could inform efforts to establish a consistent evidencebased diagnostic approach.
The objective of this study was to describe demographic and clinical characteristics including features that were consistent with SAH, use of diagnostic tests, and ED discharge diagnoses of adult patients presenting with an acute headache to EDs statewide across Queensland, Australia. In addition, potential variations in the presentation and diagnostic workup between principal-referral and city-regional hospitals were examined.
METHODS

Study Design
A cross-sectional study was undertaken to collect prospective clinical findings on consecutive adult patients with a headache presenting to one of 29 public and five private hospital EDs across the state. We estimated that the study sites attend to about 90% of all adult public and private ED presentations statewide. This estimation was based on data from the national Nonadmitted Patient ED Care Database (NPEDCD), 10 which captures 95% of all state public ED attendances. The noncaptured 5% of public ED attendances are presentations to the small public EDs scattered throughout the state. Furthermore, NPEDCD does not capture attendances from private hospital EDs. However, private hospitals attend to only about 6% of all ED presentations in Australia.
The study was conducted over a 4-week period in September 2014. The study was designed by the Queensland Emergency Research Collaborative (QERC) 11 with support from site investigators at each participating ED. Individual hospital participation was voluntary. The conduct was managed by a central study coordinator. The state's central human research ethics committee approved the study.
Study Setting and Population
Queensland is one of eight states and territories in Australia. It has a land area of approximately 1.7 million square kilometers and a residential population of 4.7 million in 2014 with 2.3 million residing in the southeast corner of the state. 12 The 34 participating hospitals are listed in Data Supplement S1 (available as supporting information in the online version of this paper). For the purpose of this study, four hospitals with onsite neurosurgical services were categorized as principal-referral hospitals. For the remaining hospitals, 25 were categorized as city-regional hospitals and five as private hospitals.
Patients were eligible for inclusion if they presented to an ED with a nontraumatic headache of any potential cause. The headache had to be the principal presenting complaint. Some patients had multiple presentations for a given headache episode. Moreover, some patients had multiple headache episodes defined as being separated by a headache-free period. Patients < 18 years old were excluded. Interhospital transfers were identified and the patient's journey through the state healthcare system tracked using personal identifiers.
Study Protocol and Measures
The treating doctor prospectively completed the first one-page paper datasheet at the time of the ED visit. He/she was specifically asked whether the headache was the principle presenting complaint. This was determined at his/her discretion. The data variables included the characteristics of the headache such as time from onset to peak severity, pain severity at peak, whether the headache was considered "worst ever" by the patient or as "thunderclap" by the treating doctor, activity at onset, past history of any headaches, and whether the current episode differed from that in the past. Other symptoms and signs included Glasgow Coma Scale score, loss of consciousness, neck pain and stiffness, and focal neurologic deficits.
The study coordinator completed the second onepage datasheet upon the receipt of the first datasheet. The second datasheet focused on the results of investigations including computed tomography (CT) head scans and cerebrospinal fluid (CSF) analysis when sampled, ED length of stay and disposition, and ED diagnosis (based on an ED subset of the International Classification of Disease 10 codes) recorded at the time of discharge. The CT and angiography results abstracted were those reported by a consultant general radiologist. Final diagnoses were checked at least 3 months post-ED presentation to ensure that serious causes of headaches such as intracranial hemorrhage and meningitis were not missed at the initial presentation.
The information for the second datasheet was sourced using a statewide ED-based desktop software application (The Viewer) designed for clinicians to view patient information including emergency presentations and laboratory and imaging results across all state public hospitals. Data from private hospitals were provided by site investigators in individual hospitals based on their medical record, pathology, and radiology systems. Primary outcomes were patient epidemiology, clinical features, investigations (CT and CSF analysis), and ED discharge diagnosis.
Data Analysis
The 4-week study period and sample size were primarily determined by resource constraints and practicalities of sustaining prospective data collection simultaneously across 34 EDs. In 2012-2013, there were a total of approximately 3,500 presentations per day to Queensland public hospital EDs reporting to NPEDCD. 13 Conservatively estimating that 1% of ED presentations were for headaches (half that reported by Goldstein et al. 1 ) a 28-day snapshot had the potential to capture approximately 1,000 cases. A sample size calculation was not formally made.
The headaches were characterized with descriptive statistics calculated for patient demographic, clinical findings, investigations, and ED diagnosis. In an exploratory analysis, city-regional hospitals were compared with principal-referral hospitals using the chisquare test, Fisher's exact test, Student t-test, or Wilcoxon rank-sum test as appropriate. Statistical significance was set at a < 0.05 (two-sided). As analyses were considered exploratory, no formal adjustment for multiple comparisons was performed. In another exploratory analysis, clinical risk factors associated with intracranial hemorrhage or bacterial meningitis were quantified using unadjusted odd ratios (ORs) with 95% confidence intervals (CIs). The risk factors selected were based on prior research by Perry et al. 3, 14 The association was further explored using a multivariate logistic regression analysis.
Statistical analysis was performed using Stata 14.1 (StataCorp) except the multivariate logistic regression, which was performed using SPSS 22.0 (SPSS, Inc.). Reporting followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement for cross-sectional studies.
RESULTS
Over the 4-week period, 950 presentations were recorded for 860 patients. The analysis excluded 13 presentations where headache was not the principal ACADEMIC EMERGENCY MEDICINE • January 2017, Vol. 24, No. 1 • www.aemj.org complaint as recorded by the treating doctor, four presentations where data on whether the headache was the principal complaint were missing, and 86 presentations which were not the first presentation of the first headache episode during the study period. This left 847 presentations from 847 patients available for analysis (see Data Supplement S2, available as supporting information in the online version of this paper). Missing data are reflected in the denominators of the proportions calculated for Tables 1-5 . Data were missing, for example, on headache onset to peak intensity in 11% (94/847), severity at peak in 13% (114/847), loss of consciousness in 3% (25/847), and CT head scans in 0.7% (6/847).
In these 847 headache presentations, 424 (50.1%) presented to the 25 city-regional hospitals, 388 (45.8%) to the four principal-referral hospitals, and 35 (4.1%) to the five private hospitals. Patient demographics, arrival by ambulance, time of presentation, triage category, and previous diagnoses are given in Table 1 . Principal-referral hospitals had a greater percentage of males, patient arrivals by ambulance, and patients triaged to higher urgency categories.
Characteristics of the headaches including those consistent with the possibility of a SAH are given in Table 2 . In the 135 patients with instantly peaking headaches, 94 (69.6%, 95% CI = 61.4% to 76.8%) were considered as thunderclap by the treating doctor when specifically asked. Conversely, in the 125 patients considered to have a thunderclap headache, 94 (75.2%, 95% CI = 67.0% to 81.9%) was instantly peaking. Principal-referral hospitals had a greater percentage of patients with instantly peaking headache or considered as thunderclap by the treating doctor. Other symptoms and signs are given in Table 3 . Cityregional hospitals also had a greater percentage of patients complaining of nausea. Investigations performed are listed in Table 4 . A CT head scan was performed in 38% (318/841, 95% CI = 35-41%) of all cases. The proportion was higher in principal-referral compared to city-regional hospitals (42% vs. 33%; respectively; difference = 9%, 95% CI = 2-16%). CT scan by clinical variables is given in Data Supplement S3 (available as supporting information in the online version of this paper). Lumbar puncture was performed in 4.7% (39/832, 95% CI = 3.4% to 6.3%).
ED discharge diagnosis, disposition, and ED length of stay are given in Table 5 . A headache diagnosis was not specified in 44% (366/827, 95% CI = 41% to 48%) of cases. There were 18 patients with SAH (13 aneurysmal, five nonaneurysmal), six with intraparenchymal hemorrhage, three brain tumors (one known primary brain tumor, one known brain metastasis, one newly diagnosed metastasis), and two with bacterial meningitis. Intracranial hemorrhage and bacterial meningitis accounted for 3.1% (95% CI = 2.2% to 4.6%) of all the headache presentations. Patients were discharged home from the ED or admitted to the ED short-stay (observation) unit in 80% (654/813, 95% CI = 78% to 83%) of the time. The median ED length of stay was 3.1 hours.
Intracranial hemorrhage (SAH or intraparenchymal hemorrhage) and bacterial meningitis were associated with being older, being male, and arriving by †Comparison between city-regional and principal-referral hospitals. ‡Comparison after grouping activities as exertional (physical activity, coitus) and nonexertional (daily activity, resting, sleeping, others). ambulance. The headache was more likely to be instantly peaking, more severe, worst ever, different from past episodes, and related to exertion. It was also associated with impaired consciousness, neck stiffness on examination, and persistent neurologic deficits. A past history of any headache was more likely with †Comparison between city-regional and principal-referral hospitals. Diagnosis is categorized into five groups: primary headache, secondary headache, other headache, viral infection, respiratory causes, and other non-head related causes. ‡One Haemophilus influenza on CSF culture, one Streptococcus pneumoniae on CSF polymerase chain reaction. §Immunosuppressed patient with known cryptococcal meningitis. ||Three viral meningitis, one Mollaret meningitis. CSF = cerebrospinal fluid; IQR = interquartile range.
benign primary headaches. The unadjusted ORs are given in Data Supplement S4 (available as supporting information in the online version of this paper). The adjusted ORs from the multivariate logistic regression analysis are given in the Table 6 .
The Omnibus Tests of Model Coefficients showed that the multivariate logistic regression model was statistically significant (v 2 (16) = 102.208, p < 0.0001). The casewise plot was not produced because no outliers were found and no multicollinearity detected (variance inflation factor < 3). The model explained 82.9% (Nagelkerke R 2 ) of the variance in life-threatening headache and correctly classified 99.2% of cases. Sensitivity was 78.6% (95% CI = 49.2% to 95.3%), specificity was 99.8% (95% CI = 98.8% to 99.9%), positive predictive value was 91.7% (95% CI = 61.5% to 99.8%), and negative predictive value was 99.4% (95% CI = 98.1% to 99.9%).
DISCUSSION
Emergency physicians are familiar with "red flag" symptoms and signs in the evaluation of patients presenting with a headache, consistent with a potentially serious underlying cause such as hemorrhage or infection. Critical clinical features include, but are not limited to, sudden onset, maximal at onset, and different than previous headaches for SAH; fever and meningeal irritation for bacterial meningitis; and progressively worse over time or worse in morning or head down position for space-occupying lesion. 15 The majority of headaches are, however, benign but painful exacerbations of chronic primary headaches such as migraine, tension-type, and cluster. 16 In this study we prospectively characterized over 800 nontraumatic headache presentations in adult patients across 34 EDs. Acute life-threatening causes such as intracranial hemorrhage and bacterial meningitis accounted for about 3%. The majority of headaches were benign primary headaches. The assignment of a specific diagnosis to these headaches was challenging. About 44% of the headache episodes in this study were labeled as a "headache," without a more specific International Classification of Headache Disorder diagnosis. 17 This is higher than the 36% reported by Friedman et al., 18 who conducted detailed structured patient interviews with the assistance of trained research associates. Migraine, tension, and cluster headaches with their specific treatments represented about 31% of cases in our study. The combined "viral infections" and respiratory causes comprised about 5% of cases.
In our setting, CT head scans were more likely to be performed in principal-referral hospitals (42%) compared to city-regional hospitals (33%). Patients presenting to the latter were more likely to be female, not arrive by ambulance, and be assigned a lower triage category. Their headache was less likely to be instantly peaking or associated with activity, but was no less severe in intensity and was more frequently accompanied by nausea and vomiting. Their diagnosis was more likely to be a benign primary headache. The difference likely reflects the case mix and clientele presenting to community versus university hospitals. Variations in CT scanning could thus be due to differences symptomatology and diagnosis. Overall, the proportion of patients receiving CT head scans in this snapshot was higher than anticipated. CT scans are ordered at a rate of 10.8 per 100 headache problems in Australian general practice, 19 while neuroimaging was obtained in 12.4% of all headache visits to outpatient office-based care in the United States. 20 Comparative figures for ED patients are elusive but are expected to be higher than non ED patients. Lumbar punctures were slightly more likely to be performed at city-regional hospitals (5.9%) compared to principal-referral hospitals (3.7%), possibility because CT scanning is less available after hours in the former, although the difference was not statistically significant.
LIMITATIONS
The strength of this study is its generalizability as it included almost all ED presentations in the state for a period of 4 weeks. In addition, the final diagnosis was reviewed after at least 3 months to ensure that serious causes of headache were not missed. There are, however, limitations that might threaten its internal validity before external validity can be considered. Patient recruitment was based on the doctors' assessment that the headache was a primary symptom. Eligibility was not verified nor were missing cases specifically sought. Systematic selection bias is possible but unlikely given cases were enrolled in the ED 24 hours per day by many clinicians across many sites.
The clinical data were collected by the treating doctor and not by dedicated trained research personnel. Data quality was not assessed, for example, by examining agreement with a second data collector. The prospectively collected clinical data in the preprinted datasheet were, however, usual information required for the assessment of an ED headache presentation and as such represent real-world data.
Missing data in this prospective study were considered as missing and not assumed to be the absence of a criterion. For the data collection, questions on clinical history stipulated a yes or no response. The only exception was for past history of SAH, cerebral aneurysm, or brain tumor, where there was a list of tick boxes for these conditions. Whether missing data may bias the results will depend on whether the data were missing at random or not. The latter could be problematic. Data were missing from the first datasheet if the patient's impaired consciousness precluded a description of the headache and circumstances surrounding the presentation or because data were not recorded by the treating doctor. Data were missing from the second datasheet when patients left the ED before the assessment was completed, there was no identifier on the first datasheet to link patients to electronic medical records, or patients placed a privacy request on their electronic record so that it could be accessed by the investigators.
Patients without neuroimaging and without representations for at least 3 months were assumed not to have had a change of their diagnosis. Representations and revisions in diagnosis, however, will not be captured in our local state databases if the patient represented interstate.
Finally, the multivariate logistic regression analysis remains exploratory. Peduzzi et al. 21 suggested that the minimum number (N) of cases required for a multivariate logistic regression analysis is 10k/p, where k is the number of covariates and p is smallest of the proportions of negative or positive cases. In this study, there were 847 cases with 3.1% caused by intracranial hemorrhage or bacterial meningitis. The number of covariate (k) that would be supported is 2.6 (847 = 10k/ 0.031). This study is thus underpowered to provide robustness and stability of the regression model. Furthermore, the model needs to be cross-validated before any definitive conclusions can be made.
CONCLUSIONS
In Queensland, acute headache is a common presentation to the ED, with the majority of patients having a benign diagnosis, while intracranial hemorrhage and bacterial meningitis account for only 3% of the diagnoses. Computed tomography head scans are more commonly performed at principal-referral hospitals compared with city-regional hospitals likely as a result of differences in the case mix. As 38% of headache presentations overall underwent CT scanning, there is scope to rationalize diagnostic testing to rule out lifethreatening conditions.
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